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ABSTRACT

A desoripticn. is presented of the temperature and

- salinity distribution in the Long Island and Bloock Island
Sounds observed during nine oruises between 22 January

1046 and 5 January 1947, Maximum salinity values were
obtiined in the outer part of Blook Island Sound, with a
gradual dooréaao toward minimum values in the weastern part

of Long Island Sound and various shallow, semi-enclosed arees,
Horizontal temperature gradients we-e equally pronounced. The
largent seasonal temperature variations were found in the
shallow ocoastal zone, 8o that this region was colder in
‘winter and warmer in summer than the dseper weter offshore,
Vertical temperature and salinity gradients were nearly
always found, but the stability was small obmpared with
offshore waters, presumably because of strong tidal mixing.

A quantitative analysis is made of the temperature and

salinity distribution in ﬁong Island Sound. It is shown

that the main featurea of this distribution can be accounted
for by'the interaction of a few oceanographio and metsorclegioal
phenomena - namely, tidal currents, water transport, horizontal
and vartiocel turbulence, freshwater drainage and surface heat

arahanges,




IITRCDUCTICN

The following report desoribes the results of nlne cruisges
of the research vessels PTYSALIA and ANTON DOHRN from Woods
Hole, Magsachusetts, to Long Island Sound during the pericd from
&2 January 1946 to 5 January 1847, BRathythermograms and surface
salinity semplea were obtelned every fifteen minutes en route, .
and at less frequent intervals hydrographic stations were
oooupled, consisting of temperature and salinity readings at
about five depth intervals between the surface and bottonm.
Figure 1 shows the area under consideration and a typloal
crulse plan, which, with only minor variations, was followed
throughout the investigetion.

Partioular attention will be directed toward the desoription
of temperature, salinity snd dexnsisy, inoluding vertical and
Horizontal gradients and seasonal changes, In addition, an
analysis will be presented of the tides, ocurrents, diffusion
processes and meteorologlical phenomena that are responsible
for the observed salinity and temperature distribution.

From time to time reference will be made to presvious
studies in the area, The most comprehenasive of these surveys
“was described by Galtsoff and Loosanofr (2), who recorded the
surface and bottom temperature and sallnity at numeroua'stations
throughout Long Islend Sound op three cruises in May-June,
August-September and December 1935, Prytheroh (3) obtained

continuous thernograph records and nany salinity observations

in the violnity or Milford, Oonneotiout during three summer
pariods and alsc rade detalled studies of tidea and ourrents,

These and sther reocords will be usilized in leter seoctions

of the report.
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DISTRIBUTIOR OF TEMPERATURE, SALINITY AND DENSITY

The waters of the Long Island and Blook Island Sounds
are derived by admixture of saline waters from offshore with
the r;cgh water of coastal dralnage. FPrevious studleas have
| shown the o:isténea of a alow, southwesterly-drirt-bt water
along the ocontinental shelf. Part of this water is diverted
into the Sounds, particularly near tﬁn bottom. As it moves
into the shallow ccast&l zone it is progressively freshpned'
by ni:;ng with ths products of river drainege. The inflow of
,.aalino water near the bottom is balanced‘by an outrlow'or
fresher surface water which passes out of Blook Ialénd Sound
near Montauk Point and beocomes part of the oo;stwiaa surrent.

The temperature and salinity distribution in this area
thersfore is the result of the ocompliocated 1nteraoﬁion of
currents end the mixing brooeases generated by tides and
vlhds, oombined with the elterations prodused by meteorologiocal
effects at the'aurraoe. This section of the report will
desa:ibe the observed temperature end salinity distribution
‘and will explain it qualltatively in terms of the processes
that have been outlined,

Horizontal distribution at the surface
FPigures 2 to 19 show the cbserved temperature and selinity
dist@ibution at the surface, The highest salinitlies are found
in the area between Blook Islund and Marthas Vineyerd. They
are more or less typical of ths salinity of the open water of
the continental shelf. To the weatward, between Montauk Polint
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and Blnok Island, the more ocompliocated salinity structure
shows that a oonsiderable quantitj of relatively fresh water
from long Island Sound drains cut around Montauk Polnt. 1In
@ome ocases this drainags is revealed aimply by a bending'or
the 1soha11nas arodnd the Point and a general inorease in
salinity toward fhe east agd porth. In othef cases there
appear to be discrete masses of low salinity water traversing
the area, |

~ In the semi-enolosed basins of lLong Island Sound and
Cardiners Bay, and to a lesser extent in Buzzards Bay and
Vineyard Soupd, the salinity decreases from the entrances
toward the inner portions as & result of progressive dilution
by river drainage, The oharts show examples of various stages
of the process of diapersgl of river water, inocluding pookets
of very freah water at the immedlate mouths of the rivers and
larger and more diffuse patches that have been carried away
by tidal drift. Ococasioneal more detailed surveys have
demonatréted‘a highly 1rregulﬁr distrivution of salinity
within the patoches, often oonsisting of alterating streaks
. of low and high salinity, whioh genefally are demarked by
vlsible rips on the surface as well as by a change in the
turbidity\or the water. Such structures move obntinually
with the t;de and are largely dissipated within a few hours.
4 second orossing of such an area a few hours later may
yleld a very different pioture of salidity disgribution.

Fowever, the frequenoy with which freshwater patches were




encountered shows that they are almoat aiways present somswhere
within ten or fifteen miles of « large river,

galtsoff and Loosanoff (2) reported a seasonal variation
in salinity, the largest change ocourring in the western part
of long Island Sound where 1t reached a magnitude of two to
ﬁhroe parts per mille, the minlhnm salinity oocourring in
spring, the maximum in autumn, eorreéponding to the seasonal
variation in river drainage. Similer results were obtained
in thoApreseht'aurvey.

The seasonal temperature change is of oourse much more
pronounced. It depends fundamentally on the seasonal oyecle
of radiation ang alr temperature but is oconsideradly modified
by ooeanographio factors., Other things belng equal, a given
amount of heat transfer at the surface of the water will be
most effective in changing the temperature of the whole water
mass when the latter is shallow. Other important factors are
tidal ocurrents and the vertical stability of tha water oolumi,
which affeoct the vertical transfer of heat. VWith a few
exceptions that will be noted in passing, these proceéses

operate so that the seasonal changes sre greatest in shallow

- water near shore and decrease in the deeper water, The

difforence betwesen midsummer end midwinter tempe;atures is
of the order of 250 to 3C° off Blook Island, ranges up to
35° in most of the occastal zohe, and ray be &8 mush as 459
ig harvors and inlets esccording to data publlshed by
Prytheroh (3) and Riley (4).




Thus in midwinter the surface temperature i8 400F or
more offshore and deoreases toward the.rreazing point in
inahore watera, Con¥oraely summer temperatures in the
ocoastal waters are generally a few degrees higher than in
the outer part of the area. However, it will ve noted that
the minimum summer temperatures are obtained neither in the
cocastal region nor the part farthest offahore but in an
intermediate zone about ten miles from the domst. This
Tesults from the Liaterastion of two factors working in
opposite direotion. Inoreasing depth of water provides a
médium for the downward dissipation of heat entering the
gurface layer, but it elso is esoocompanied b§ a lessening
of the tidal ocurrsnts that supply energy for vertiocal transfer.
The intermediate, low-temperature zone marks the place where
the sombination of these two factors is optimal for trans- .
ferring hedt downward from the surfece., Further offshore,
tidal ocurrents are not strong enough to prevent the formetion
of a strong verticsl temperature gredient, So thet the surface
water is a little wermer and the bottom water much eolder
than in the intermediate zone.
| Theass progesses of surface heat exohange and verticel
transfer largely ocontrol ﬁhe horizontal variations in
temperature, Léter it will be shown that they are quanti-
tatively nuch more important than ourrent transport and

horizontal diffusion in most of the ares studied,




Finally, the oharts show that localized patches of low-
aaliniéy wét?r also have distinctive tempsrature charaoter-
istios. In winter they are usually colder than the surrounding
water of higher salinity, end in summer they are warmer. To
a slight extent this reflesta the marked temperature oyocles of’
the rivers from which the fresh water is ultimately derived,
More important, however, is the faot that the patches are of
limited vertiocal extent. Thus the vertioal salinity gradlent
oreates a thin and ;table surface layer whioh magnifies the

'effects of surface heat exchange,

~

Vertioal distribution
| - Figures 20 to 23 are vertiocal temperature sections
construoted from the lines of bathythermograph lowerings
mede on each oruise. The positions’or_the sections varied
slightly from one oruise tolthe next, but the mean positions
marked ln\Figure 24 ere suffioclently accurate for general
rererenée. The sections serve to illustrate the details of
the seasonal and regional variation in temperature and the
intensity of thermal stratifibation, the main outlines of
yhloh have already been explained in gemeral terms. It ia
apparent from the figures that temperature gradients in ﬁhe
Lohg Island anq Block Island Sounds are small ocompared with
the outside water, However, since the water s fresher at
the surface than at the bottom.through'moﬁt'of the region,
the stability is slightly greater than would be indicated
by temperature gradients alone. The quantity of salinity
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, data is ndt suffiolent to determine the density distridution

. in detail, but Figure 25 ahows_the observed inorease of dqpaity

‘ with depth at various s%étiona. the approximate positions of

' whioh are included in Pigure 24. Eaoh set of pointé 1s derived

- from the observations at a single station, While the deta are
arranged to show in a sinoraihway the seasonal trends in density
struoture, it appedrs likely that much of the irregularity in.
the ourves results Irom looal variabllity rather theu true
sonqonai changes.

QUARTITATIVE ANALYSIS OF DISTRIBUTION
, The Long Island and Blook I‘land Sounds are aimilariin
 ‘their main features of temperature and salinity distribution
to many other semi-enolosed coastal waters in temperate |
resions, Thus the representation that has been made of the
interaction between this Aistribution and oosancgraphic
processes is largely & conventicnal pioturs that has been
" presented before in disoussions of other loocalities, Howover,
‘there is much to be gained from going a step further and
‘developing & quantitative analysis of distribution, since
it will oheck the valldity of the quaiitative explanation,
‘add details about the relative importance of parsioular
ooeanographio prooeases; and obtain général ooé&nographio
.. | - information that may be useful in the .study of other reglons.
Long Islend Sound appears to be an aréa that can be
0 studied readily by quantitative methods, 'Its tidal ourrents
and frechwater 4drainage can bde oomputed with considerabdle

soouracy. Moreover, since it is a narrow body of water in
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whioh the major gradients in temperature and salinity are
parallel to the long axis of the Sound, there will be no
great error in reducing the mathematiocal treatment of hori-
zontal mixing and transport to a aonsideration of transfer

along this one axis., Blook Islend Scund'prosenta more

diffioult problems, and the material at hand i1s not adequate

for quantitative analysis,

Bathymetry- or Long Island SOund
~ The gtudy requires estimates of the area and volume of
the Sound and of certein subdiyiaiona of it. The neoessary
data were ocomputed from planimetric traoings of the'U. 8. O,
and G, S, oharts, and the results are shown in Table I.

Freshwater drainage

Ddata largely obtained from Suttie (B) show that three
rivers Bupply the major inflow into Long Island Sound. The
Conneotiout Rive; ranks first with & drainage basin of
11;zoo_sq. mi. (statute); the Housatonio River dralns 1930
'8q. mi. and the Thames River 1400 sq. mi., Smaller rivers
and streams of Connsotiodt, Long Island and the mainland of
New York State contrlbute dralinage from 1290 sq, ml, Thus

the totel drainage basin of Long Island Sound is 15,980 sq, ml,

Date on river discharge were obtained from the serles of

Water Supply Papers published by the U, S. Geologlcal Survey.

Pigure 26 summarizes their informatlon on the seasonal variatlon

in the discharge from three rivers of the Loag Island Sound

]
'
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drainage basin, plotted ae the percentage deviation from the

mean annual discharge during the period froh October 1940 to .

Sept ember 1943, The ourves in part refleot semsonal variations

ih rainrglllbut are oonsiderably modified by the effects of
oVaporatiop. whioch is most pronounced in the summer and early
aqﬁumh,,agd of melting snow in the spring. The latter effect

is especially pronounced and oococurs slightly later in the

season in the Conneotiout River, whioh ocontains as a ocon-

siderable part of its dreinage basin upland areas of northern

New England where the snow cover is heavier and lasts longer |

‘than along the Connectiout and New York shore.

During the three years examined, there 'was a simple
relation between the mean annual river discharge and the
imngal rainfall of New England, as shown in Figure 27. This
ourve can be used to estimate river discharge for the year |
1946, which is of perticular interest from the standpoint of
the present oceanographic survsy, and for which the observa-
tions on river disohargé have not yet been published. In
1946 the msen rainfall in New England was 38,41 inches
(Monthly Weather Review). Applying this value to Figure 27,
it i8 estimated that the mean river discharge -was 1,8 second-
feot per s8Q. mi, of drainage basin., In estimating the total
disoharge into Long Tsland Sound, the figure of 1.8 second-
foet 18 applied direotly to the ourves in Flgure 26 for

seasonal variations in the flow of the Conneoticut end

Housatonio Riﬁera. It is then assumed that the'variations
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in the Themes R. are the same as the Housatonio R. and that
the other rivers of New York and Connecticut are the same as
the Shetuoket, a amall river with a dralnage basin of 400 sq.
ni.

Ta obtain the total frishmater inorement in Long Island
Scund; the rainfall on the surface of the Sound mLat be added
to the caloulated river drainage (the effeot of evaporation‘
from the surface of tha Sound is negleoted, produoihg an error
of a few percent in the final result), Figure 28 shows the
seasonal ourves for drainage and the combined estimate, The -
total volume of fresh water entering the Sound during the
year was estimated to be 833 x 10¥ ou, £t., or 39% of the
volume of the Sound (34% drainage; 5% rainfall on tLe surface),

Tides and currents

The tides in the area aré essentially standing waves, .
apd in the central reach of Long Island Sound, the time of
slack water colnoides with high and low tides. However, et
the eastern epd, ebdb follows high tide by one and a half
to two and a ‘half hours,
7 " Pigure 29 shows the time of the tide rolated to the
rererence point of New London. The rigurea are from ths
U. S, C, and O, S, tide tables and are arplicadle to both
high and low water., It is apparent that there is a prc-
gressive lag in the time of the tide fron sast to woat
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FIGURE 28. SEASONAL VARIATION IN FRESH WATER
INCREMENT IN LONG ISLAND SOUND.
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except for certain 1rnegula£iﬁies along the north shore of
Long Ysland, IFrom the same tables it is found that the
mean range of the tide is about 2.5 ft. along the shore of.
Block Island Sound and the eastern part of Long Island Sound
and inoreases in a wosterly direction to a maximum of 7,3 f¢.
The spring range of the tide is 3.1 to 8.6 ft. |

The data on the helght of the tide provide & means of
estimating the nagnitude of the tidal treamsport in long
Island Sound and the average ourrent velooity along the
east-west axis. A twenty-four hour period was chosen from
the tide tables when. the predioted tides approximated the
nean range (1800 85 Pebruary to 1800 26 Pebruery, 1945)..
The tidal height was computed for hourly intervals ddrins
this period, Samples ér the result are shown in Pigure 30,

The ohange in the volume of water in any pértloular
area or a spsoified fraction of it is readily determined
as the produoct of the area and ths ohange in the helight
of the tide, By summing éhe change in volume for successive
small arees, the total inflow and outflow of the Sound during
a tidal oyole was found to be of the order of 8.2% of the
-volume of water below mean low water. |

Adpptiné the simplifying assgmption that the only
signirioant'tidal interchange ooodis at the eastern end
of the Sound, an approximately correct estimate of the

mean current velooity in the east-west direotion 1a readily

obtained, The volume transport across any given oross-section

of the Sound is equal %o the change in the total volums of

-
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water westward of the section. Knowing the orosas-seotional
area, the volums transport oan be transformed into a computed
average current velocity. Figure 31 shows these caloulated
ielooities through five oross-sections of the Sound., Also
shown is the mean velooity of tho interohange between tho
Long Island and Blook Island Sounds through the various
passes between Watoh Hill Point, Rhode Island, and Orient
Point, Long Island, As might be expected, the maximum
velooity ooocurs in the passes, and the ocurrent 18 also
relatively strong in the oconstrioted eastern portion of Long
Island Sound, The figure illustrates the gradual deorease
in velooity toward the west and the progressive lag in fho
stage of the tide suoh that the ebb in the western end begins
about twblnours later than in the pesses,

This gross piocture of tidal currents ignores many

local variations. Surface currents in the area have been

ocharted by the Coast and Geodetio Survey. Variations in

relative atrength are on the whole similar to what has just
been desoribed, but the magnitude of ths surface curreats is

between 100% and 150% of the computed mean veloocity for the

whole oross-seotion. This is in acoord with the observations

obtained elsewhere of the relation between maximum and mean

flow in channels (8, page 588). Second, considerable varia-
bility exists in both the speed and the time of reversal in

the different passes at the eastern end of the Sound., Third,
there appears to be & tendenoy towerd the establishment of a
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semi-rotary tidal mgcvement in the central area of ths Sound,
and this of ocourse dces not appear in the computation of
east-west veloclities.

Prytherch (3) examined the tidal ourrents in the northern
part of the Sound near Milford, Conneotiout, He found that the
abb tide travalled apprdkimatély ESE with a maximum speed of
0.6 kt. The flood had an initial direotion of WNW and rotated
140° ocloakwise between low and high water. According to
Prytheroh, this tendency of the curreat to swing to the east
after mid-flood results in a resultant movement of two miles
ENE during a oomplete tidal oyole. KHe furthermore concluded
from Arift bottle experiments that this movement was part of
a large scale oclookwise eddy in the central part or'tna Sound
superimposed on the basio east-west drift and resulting in a
net transport castward'along the Connectiout shore and westward
along most of the north shore of Long Island, However, in the
latter area there was some evidence of & small oouater-
clookwise eddy (the more usual type of tidal movement) between
Hortone and nnrode Point. The magnitude of the rotational
movement cannot be estimeted readily from the 4rift bottle
experimants, The fastest recorded drifts were about 0.2 kt.
averaged over periods of ninelto fifteen days, but it seems
likely thet this is a maximum figure for the net transport.

| "It. has been pointed out previously that tidal oscilla-
tibng travelling parallél to the long axis of the Sound
would tend, by the turbulent mixing that they genarate, to
produce a salinity gradient such that the ischalines would

S
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orosa at right angles to the axls, Any tendenoy toward rotary
tides would Alstort the isohalines., It will be noted in re-
examination of the figures on salinity diatribution that there
are’ several cases in whioh the isohalines are slightly rotated,
extending further to the east on the northern side cf the
ISound. Tﬁis is probably the reéult of the eddy desoribed by
Prytherch, although the'situation is further ocomplicated by

the uneven distribution of river outlets., However, it is

- apparent by inspeotion that.the effeot of the eddy on salinity

and temperature distribution is not important enough to mask

the effect of the main east-west oscillation, nor will thsre

be any large error in the quantitative agalysis if the eddy

is ignored.

The continual increment in the volume of Sound water

resalting from river drainage must be balanoced by & corre-

* sponding net transportvto the east and eventual outflow

from the Sound. The magnitude of this transport is so small

_ oompared with tidal interohange that it probably could not
~ be deteoted by actual observation, but it can be computed

from dsta previously presented on drainage and 18 found to
var$ from about 0.004 kt. in ths central part of the Sound
to 6.06 kt, inltho eastern passes, |

The details of the interchange of water masses cannot
be made fully olear by caloulations of net transport. The
temperaturs and selinity diet:ﬁbutions suggest that the
transport to the east 18 greater near the surfaoce than it
is 15 the bottom water. The latter may have a westward

transport. In this case the computed net transport slmply
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would represent the dlfference betwsen the transports in the
two layers. UFallurs to desoribe this situation accurately
will leed to some error in the quantitative gnalysis, par-
ticularly the ftudy of temperature diétribution in the

eastern part of Long Island Sound.

Diffusion proocesses
- Table II shows the mean salinity, surface to bottom,
caloulated on a volumetric basis, whioh will be used to
Qetermine the magnitude of lateral diffusion in the central
body of Long Island Sound water between Longitudes 72020' and

| 73000'W. A glanoe at the table shows that the salinity in-

oreases from west to east and that in eny one area there is

prooéssas concerned will first be examined indlvidually.
1. Aococording to previous caloulations, there 1s a net
transport eastward, Sinoe the salinity inoreases to the
east, into any partiocular area there is a oonstant transfer
of water of lower salinity. The magnitude of this effeot in
a second's time is expressed by -v,38/5x, in which y is tranaport
veloéity in om, per second, and 33/3x is the inorease in
salinity (defined for present purposés as grams of salt per
gram of water) per om. of horizontal distance eastward,
2. There is & oontinual lateral exchange of water by

turbulence, which is quantitatively expressed by the magnitude
of Ax, the coefficient of horizontel eddy diffusion. it a
horizontal salinity gredient exists, turbulence will resuly
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multiplied by the mean salinity wvelue of each range
the total vo
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TABLE Il
Mean Salihity (%/oe) of Long Island Sound

Average salinity depth curves were drawn for eech area.
The volume of wutor in sucocessaive depth rynges was

the sum of %“he products was divided hg

of water,

complete data.

72020
72030¢"
780401
72080
73°00"
72020

‘ cruiao_io.

72010' to 78030'

to 72030
to 78040"
to 720850
to 73600
to 73910’
to 73900!

303

28.12
26,99
£6.80
26.66
26.40
26.31

26.69

308

28,97
27.14
87,74
27.01
287,08
26,82
87.85

Cruises 301 and 311 omitte

308
28,38
a7.44
£26.t2
26,72
26,78

268.08
26.81

434

29.78
28.31
27.8)
87.58
27.04
27.13
27.68

becauss of ine-

' 436

29.60
29.86
£8.468
£7.66
a7.72
27.80
28.89

{une’

438

30.80
30.40
28,80
28,60
28.80
&8.20
28.83

440

30.28
29.80
28.94
28.47
28,38
£8.20
£8.82
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in a net transfer of salt whiqh‘is expressed by A,dS/px. If
the gradient is uniform, salt will be transferred out of a
unit volume of water as rapidly as it goes into it (assuming
ﬁE to be 6onstant). But if the gradlent inoreases oi deoreases,
there will be a ohange in‘'the salt content, amounting in unit
time to Ay.3'S/x2. | |

3. There is a continual tendensy to freshen the Sound
water by river drainape and rainfail, the average effect of
whioch 1isa dgtarmined by the ratio of the freshwater increment
in unit time to the volume of Sound water diluted. Then the
absolute chahge in galt content in a second's time is the

produot of this ratio and the mean salinity of the water.

It is denoted by the symbol 3 Sg/3t.
The net effect of these three processes determines the

ohange in salinity that will ooocur in an average water mass
in the central portion of the Sound in a second's time. The
equation for this change, d5/9t is
YRRy g
e eagve
Table III shows the mean valuss for the terms of the

equation caloulated for the periods between suéoossiva
cruises., Details of the nmethods of calculation are appended.
The only unknown term in the equation is the coefficlent of
diffusivity f! , which therefors ocan be caloulated readily and
is shown in the last line of the table. These calculated co-
effiolonts fall within the general limits of previously computed
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velues for ooceanic waters, which Sverdrup, Johnson and
Pleming (6) 1ist as 108 to 108 g/om/mec., That they lie
near the lower limit of this range 18 1> be expeocted in a
ssiatively small hn&y of water. The apparent seesonal
variation, with the smallest values of é;lin summer a;d the
largest in midautumn, may or m&y not de valid. Precise
conclusions should not be drawn from such a small set of
data, It is apparent, however, simply from the faot that_
the\oomputed coefficlents are of the right ofder of magnitude
throughout, that the observed salinity diastridution is in
accord with oceanogrephic theory of the interplay between
diffusion, transport and drainage.

Vartioal transfer of heat and salt are effscted by

| turbulence in a manner analogous to the lateral diffusion

that has Just been discussed. Temperature rather than
salinity will be used for the analysis because of the acourate
estimates of vertiocal gradients that can be obtained from
ﬁathythermograms and the superlor quantity of temperature

resords available, _
For purposes of. analysis the part of lLong Island Sound

between 72°00'W and 73010'W is divided into seven areas, each
comprising 10' of longitude and extending in a north-south

‘direction aoross the width of the Sound. In each ocase the

mean rate of diffusion will be determined at depths of 30 ft.,
80 ft. and 100 ft. or as many of these as the depth of water

permits,
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Seasonal'gaina and losses of hsat in the surface layer
resuly in the development of vertical temparature gradients,
whioh, howsver, tend to be egualised by tho turbulent transfer
of water. The amount of heat pasalng through a horizontal
surface of 1 am® in a seocond of time 1a the product of the
coeffiolent or’vertibal eddy oonductivity Az and the change
in temperature per om. of depth@ ¥/ dz. o

This éransrér reaults in an acocumulation or dissipation
of heat in the underlying water, so that the change in a unit
of time in the heat content of the whole underlying water
colunn may be - used as an index of the rate of heat transfer.

This relation is exprassed by the equation

9% L A AW
5t A5

in whioh U/t is the 1noreaselper'seoond-in calories in a
oolumn of water 1 om® in oross section extending from the
bottom up to the depth at which the rate of transfer 1s to
be daﬁorm;ned. | |

It is apparent that this equation 13 seversely simplified.
In the presence of horizontal temperature gradients in the
lower water, lateral diffusion and @rahsport will modify the
rate of changs of heat and MAy oause a serious error in the
estimate of vertical turbulence. If the napnitude of these
processes is knpwn, the equation can be eipanded to inolude
them. Thus preliminary caloulations wsre made containing

correction factors based on the observed horizontal temperature
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gredients and the previous estimates of net transport and
lateral diffusion. However, 1t was found that in no case d4did

these sffects accocunt for as much a3 1% of the temperature
Shangse 1t does not seem worthwhile to inelude thaaa minnw
corrections; thereiore the data are developed scoordiang to
the equation presented above. Tables IV and V show the ob-
served mean temperature gradients and the mean rate of change
in calories in the lower wa;er between successive orulses,
Application of these figures to the squation ylelda the
coeffiocients of vertiocal conductivity shown in Table VI.

It will be noted that there are some question marks in
Tdble VI.. The figures are omitted because the oalculations
yield negative values for the conduotivity coeffioient, whioch
are manifestly impossible and therefore indicate serious errors
in the method. All such vﬁlues were obdbtained in the eastern
part of the Sound, where it is suspected that transport varies
significantly with depth, thus invalidating the use of a mean

_ transport value for the whole vertioal colum. In other words,
‘*his ip a plado where oorreotiona should be made for horizontal
: dlqtribution prooessos if the prOper data were avallable.

The existenos of a rew patently invaltd results may throw

suapicion on the acocuracy or the rest of the oaloulations.

| However, without denying the existence of a considerable

amount of error, it ix possible to shaw that the vqriation in
the remainder of the data 18 in general accord with cosano=
graphic.theory. The cocefficients are amaller in the Qpring
and suzmmer than in the autumn and winter, whioch is attributed
to ohahges in the sﬁabllity of the water oplumn, They are
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larger in the eastern end of the Sound, corresponding to the
inoreasing tidal ourrénts whioh probably are the major foroce
in the generation of turbulence in these waters. There is
also & da2nth relistion that is expressed iu two ways; First,
the coeffiocient of conduqtivity decreeses with inocreasing
depth exoept where the stabllity 1s markedly greater at scme
pa;tioular level. Second, at any given depth there appears
to be a decrease in oonductivity.when the mean depth of the
tnderlylng water is reduced, as in the central part of the

~ Sound between 78030' and 73°00'W, This probaoly is funda- -

mantally a correotion for the effect of bottom fristion’ on
ourrent velooity. As previously describved, the oomputed
ourrents are means for the oross section, but the actual
ourrent at any depth and the resulting turbulence are
reduoed by proximity to the bottom,

The relationships that have been described may be stated

4

as a'sinple proportionality

S T

in whioh A is the opefficient of vertical eddy conductivity,
¥ is the mean ocurrent ;elooity of the oross section, £(Z) 1is
a runction of the depth underlying the layer where the ocon-
duotivity is to be determined, and E is stability, This is
essentially similar to an equation for eddy viscosity developed
by PJeldstad (1)-

The mathematioal theory hes not been developed further,

but statisﬁioal procedures were used to develop an empirical
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equation based on the postulated proportionality. It is not
necessarily appliocable to other areas but is a good fit for
the avallable Long Isl&qQ_Sound data. The equation is

-
bt B

in whioh ¥ is measured in om. per second, Z as mean depth in
meters underlying the seleoted conductivity surface, and 2
is expressed as the ohange 1n 0% ﬁer n. of depth. (For a more

,precisq'and standard definition see Sverdrup, Johnson and
Fleming, reierence 6, p, 416). Figure 32 shows the results

in whioh the coeffiolents caloulated from the temperatura data

~ for the 30 ft. (dots) and 60 ft. (orosses) levels are plotted

against values determined from the equat;on, using the same
subdlvisiéna of 10' of longitude as previously but omitting
the obviously incorrect negﬁtivb velues., There is considerable
random varliation, even though it was.eliminated as far as
possible by using averages for the spring warming period
(oruises 303-434) and the autumn cooling period (438-440),

The variation 1s believed to result from two main sources of
efrof: (a) it is presumed that the original caloulations:
contain some taulﬁy generalizations esbout transport; (b) the
quantity o¥ salinity daia i3 not sufficlent to permit acourate
estimates of stability. In spite of thesé unavoidable errora,
the relationship expréseed by the equation is highly significant
;tatistioally. From the ooceanographic standpoint it is
important to note that oconcordant results are obtained by

two methods that are not only different in prinoiple but also
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with one exoeption ere derived from different basio datna,

The exosption 1s the vertiocal temperature gradient, which

ls utilized direotly in the flrst equation and enters into
the caloulation of stability in the second one. Since the
tenperature gradient is muoch more important than salinity in
deternining the stability, a statistically valid relationship
can be postulated between the rate of net passage of heat
through a horizontal &n;t area (elther up or down) and the

current-depth expression in the second equation, that is,

: %-%z? vz
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